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The McCune-Albright syndrome

LLY MAURAS, M.D, AND ROBERT M, BLIZZARD, M.D,
partment of Pediatrics University of Virginia School of Medicine
arlottesville, Virginia, 22901

stract. The presence of polyostotic fibrous dysplasia of bone

perpigmented skin macules, and precocious sexual development 15
ildren is known as the McCune-Albright syndrome. To date a
mplex combination of multiple endocrinopathies including goit;r

perthyroidism, acromegaly, Cushing syndrome, hyperprolactenemia,
xual precocity, hyperparathyroidism, and hypophosphatemié
perphosphaturic rickets have been described in association with
is syndrome, Even though the pathogenetic mechanisms involved in
e development of the endocrinopathies is unknovwn, it was assumed
r many years that hypothalamic dysfunction was the cause in most
ses. The overwhelming amount of data now permits the development
f an alternate hypothesis; one of hyperfunctioning endocrine organs
orking with relative autonomy from hypothalamic control,

We report a 4 10/12 years old black boy with polyostotic fibrous
ysplasia, skin hyperpigmentation, ~ acromegaly, hypercortisolism,
yperthyroidism and premature pubarche, This case represents an
xcellent example of a common multicellular abnormality in
Cune-Albright's, His data and that of others found in an extensive
eview of the literature prompts us to propose that a derangement in
ne regulation of the cAMP mediated system is responsible for the
rdocrinopathies which occur, We postulate the defect may be in all
e cells of a specific organ in some instances and in only certain
ones in others, Advances in molecular biology research will socon
vide us the tools to look at the specific components of the cAMP
stem in multiple malfunctioning organs and test our hypothesis,

ntroduction The systemic and endocrine manifestations of the
Cune-Albright syndrome remain one of the most fascinating and
hallenging problems in pediatric endocrinology. First reported by
licCune and Bruch (1937) and shortly thereafter by Albright et al
101937), it comprised the appearance of hyperpigmented macules,
fprecocious sexual development, and bone fractures in young children
) hout any evidence of systemic disease. It was Albright (1947) who
jiirst separated the characteristics of these children from other
ntities such as neurofibromatosis and hyperparathyroidism, and
ffered the first ideas about pathogenesis,. He ©postulated ' a
éentrally mediated mechanism with increased pituitary production of

heory of pressure at the base of the brain, by expanding bone
esions, as the cause of hypothalamic dysfunction. Today, almost 50
ears after the original reports, we remain largely ignorant of the
asic pathogenetic mechanisms that operate in these individuals. We
imow know that this disease presents not only with the classical
iiriad, but often with a multiplicity of dysfunctioning endocrine

In this manuscript we focus on the endocrine manifestations of
his disease, as they occur in children and adolescents and explore
ew areas of possible pathophysiologic mechanisms for the
ndocrinopathies.
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vt T., a black male first presented at 2 6/12 years of

%%%% %g%%%Ebure of his right tibia, At the time, chemical find1:::
of hyperthyroidism were present (see table), as was a palpable goitep
on physical exam, The antithyroid antibodies were negatiye
Propylthiouracil, 50 mg tid, was used to adequately contro} his
hyperthyroid symptoms. When examined at 3 8/12 years he had a large
hyperpigmented area with irregular borders covering his 1left arm
neck, part of the left ear and most of his back and buttocks, Hi;
legs were asymmetric with limited hip abduction, X-rays of the long
bones, skull, hips, hands and feet showed characteristics of
extensive and severe fibrous dysplasia, He was also quite short
(fig. 1). Pubic hair, Tanner stage TII, was present, but there were
no other signs of puberty. His dehydroepiandrosterone Sulfate
(DHEAS) levels were elevated, compatible with premature adrenarche
(table).

A luteinizing hormone releasing hormone (LHRH) test done when 3
8/12 years old showed a prepubertal response (table). At 4 10/12
years of age his testes were 2,5 cm in size, but no further signs of
puberty appeared, When blood was drawn overnight (table) his
luteinizing hormone (LH) and follicle stimulating hormone (FSH)
values remained prepubertal,

Because of his poor growth his cortisol secretion yag
investigated. When 3 8/12 years o0ld his serum cortisol levels lacked
diurnal variation (table). The serum cortisol did not suppress
either after a single overnight dose of dexamethasone or after § days
of low dose followed by high dose dexamethasone (table). A CT scan
of the abdomen demonstrated enlarged adrenals with a suggestion of
nodular hyperplasia, His adrenocorticotropin hormone was suppressed
(<28 pg/ml) when measured twice. After careful consideration of his
apparent cortisol excess, poor growth and repeated fracturéS,
bilateral adrenalectomy was performed at 4 4/12 years of age,
Subsequently, treatment has been with cortisone acetate and 9 alpha
fluoro cortisone. The pathology was that of cortical adrenal
hyperplasia., The data obtained six months post operatively is shown
in the growth curve (figure 1), A dramatic increase of growth
velocity from <U4,6 cm/year to 18,8 cm/year occurred post operatively,

in / cm

4 HSA
44 200+
] 1104
427 105- ~ 150
40+ =
J 100~
36.] o 100 GRF
1 95 z
367 90- T 50-
341 85
32 O rrrTr—
Jeo4 O 60 120
2 3 4 5 6 7
AGE (YEARS) TIME (MIN)
Figure 1 Figure 2
Growth curve, “fIndicates bilateral Serum GH response to a ;
adrenalectomy, Lower curve - 5%, 3.3 ug/kg bolus injection
middle curve - 50%, upper curve - 95% of GRF
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" Coincidentally with his serum cortisél measurements evaluat
his growth hormone (GH) secretory status was done, t ‘

/12 years his basal serum GH levels were
somatomedin-C increased (table), An
lerance test (OGTT) done at that
After adrenalectomy, at the age of 4 10/12 years, the GH
evels were elevated when blood was sampled during the night (table)
. the time, his response to a 3.3 ug/kg bolus
srmone releasing factor (GRF) was exaggerated,
th acromegaly (figure 2), His OGTT post adrenalectomy showed only
rtial GH suppression (table). A head CT scan Sshowed no
ynormalities of the pituitary, It is probable that his excellent
stoperative growth is due not only to the removal of excess

rtisol, but to the action of excess GH. His acromegaly has not
yquired therapy so far,

oral gluecose

typical of patients

His bone age has remained advanced throughout the course of his
sease (7 years at the chronological age 3 8/12 years), This is
spite cortisol excess and no evidence of increased sex steroids.
~is possible that his advanced skeletal maturation may be due to
e period of unrecognized hyperthyroidism,

: LABORATORY VALUES

ge T4 TSH Cortisol  DHEAS a4 T Sn-C GH LH ¥FSH
's) (pg/dl) (IU/ml)  (g/dl)  (ng/dl)  (ng/dl) (ng/ml) (u/ml) (ng/ml) (mIU/ml) MmIU/ml)
6/12 18.7 1.5 2.8
»yu 15.9 1.0 12 (am) 204 134 50 5.8 1&6@)4J@) &ﬂa
14 (pm) 5.4 7.3 4.6
l6(am)(a)
lS(am)(b) 346(b) llG(b)
ll(am)(c) 186(c) 63(0)
/12 11.3 17 (2pm) 87 50 6.4
®
9.1 1.0 12 25 3.0 33 B ¢E 3,0
38.4 )
5.1
= Androstenedione T = Testosterone Sm—C = Somatomedin-C

After single dose of dexamethasone overnight

After low dose of dexamethasone suppression (1.25 mg/100#g.d.)
After high dose of dexamethascne suppression (3.75 mg/l00#qg.d.)
- Before and after an OGIT

Basal and peak response after 2.5 pa/kg LHRH bolus injection
Mean values from 13 samples drawn every 20 min from 2200~0200h
urgery performed

The McCune-Albright syndrome is not
abnormalities have not been reported,

familial and

This is in
g individuals with the more commen form of polyostotic
rous dysplasia (POFD) not associated with McCune-Albright's, where
Yeral family members have been affected (Reitzik and Lownie, 1975).
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A pair of monozygotic twins was reported. One developed POFD gyngq
sexual precocity, and the other had only mild bone abnormalities
(Lemli L. 1977). This is the ouly suggestion of possible genetic

transmission,

Of all the endocrine manifestations of this syndrome, sexya)
precocity is by far the most common and most carefully studied. Botp
the syndrome and the sexual precocity are more commonly seen {p
girls, but boys have been reported as well (Benedict P, 1966+
Lightner et al, 1975; Giovanelli et al, 1978).  Meuses frequently
precede any cther sign of puberty by several years, arguing against j
"pormal" pubertal process, In many girls the sexual precocity
presents prior to the occurrence of bone 1lesions, by as long as 9
years. Any girl with early onset of menses prior to or shortly aftep
breast development should be observed for the development of bone
lesions and long bone X-rays obtained (Benedict P, 19623 Grant ang

Martinez, 1983).

In three of ten girls in Benedict's series (1962), and in three
of eight girls in Reith et al series (1984), sexual precocity ang
POFD presented without any evidence of skin lesions, although some

patients developed them later.

At both autopsy and examination of surgical specimens, girls with -
McCune=Albright syndrome lack evidence of ovulation (Benedict P,
1962). Most of the earlier reports that postulated a centrally
mediated mechanism as the cause of the sexual precocity did net
document adequately the gonadotropin secretory status. In reports
where LH and FSH levels were reported, they were mnot increased in
children with sexual precocity and the McCune-Albright syndrome
(Benedict P, 1962; Benedict P, 1966; Danon et al, 1975; Tanaka and
Suwa, 1977; D'Armiento et al, 1983). Because gonadotropin secretion
is so variable and pulsatile in nature, it was not until recently
that studies of the gonadotropin pulsatility have been reported in
these children. Foster and Comite (1984) demonstrated a lack of
gonadotropin pulses, as well as prepubertal LH and FSH responses to
exogenous LHRH in five of six girls with McCune-Albright syundrome,
Serum was sampled every 20 minutes from 2200-0200h and from
1000-1%00n., One girl had normal pubertal pulses for LH and FSH, and
pubertal respouses to exogenous LHRH, but she also had the most
advanced bone age (13.5 years) which may jndicate the onset of normal
puberty. These authors postulate a gonadotropin independent
mechanism, possibly originating in the . ovary as the cause of the
sexual precocity. This process apparently does mnot prevent the
development of mnormal puberty at its proper time, Such mnormal
development at adolescence helps explain why patients with the’
McCune-Albright syundrome eventually may have normal reproductive
function (Albright F, 1947; Benedict P, 19623 Carr et al, 1979).
Some of these girls have ovarian cysts that enlarge in size in:a’
quasi cyclical fashion with the appearance of menses (Benedict Pi
1962; Danon et al, 1975; Reith et al, 1984), o

In boys where testicular tissue was available for study  the:
presence of mature Leydig cells and/or increase in tubular size an
spermatogenesis led authors to postulate a central hypothalaMiV
mechanism as a cause for the sexual precocity (Benedict P, 196 i
Lightner et al, 1975' Giovanelli, 1978). Boys with the syndrome of
gonadotropin independent precocity have similar findings
testicular tissue, (Weirman et al, 1985); so the above mention
histologic findings should not be taken as a sine qua non -

gonadotropin activation.
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There is only one instance of a properly documented case of a 4
0/12 years old boy (bone age 6 11/12 years) with sexual precocity
nd the McCune-Albright syndrome where a pubertal pattern of
bionadotropin pulsation is demonstrated by frequent overnight blood
ampling (Lightner et al, 1975), This boy was later found to have a
ge pituitary eosinophilic adenoma (Lightner et al, 1976).

. There 1is currently no uniformly effective therapy for the sexual
cocity in these children. Since the mechanism seems to be
ndependent of gonadotropin activation in the majority of patients,
reatment with the LHRH-analogue (LHRHa) has not proven effective
comite et al, 1984; Foster et al, 1984; Weirman et al, 1985); unless
he patient's bone age is advanced enough at which time the
ypothalamic pituitary axis activates and responds to suppression
th the analogue (Foster et al, 1984), Cyproterone acetate, acting
peripheral block of the androgen-estrogen effect, has been
gported effective in causing regression of the Ssecondary sexual
iharacteristics in patients with sexual precocity, including one girl
‘th McCune-Albright syndrome (Lorini et al, 1981), Recently Foster

: al (1985) reported the successful treatment with testolactone, an
matase inhibitor, of the sexual precocity in a girl with
Cune-Albright syndrome which was unresponsive to LHRHa, Further
ting of this drug is necessary to better assess the potential
efulness of testolactone in this condition.
Abnormalities  of the thyroid, particularily goiters and

/perthyroidism, are the second most common form of endocrinopathy in
e McCune-Albright syndrome, The histologic appearance in goiters
'ges from multinodular hyperplasia to colloid goiter and even
dlicular adenoma (Benedict P, 1962; Hamilton and Maloof, 1973),
al TSH is low, and the TSH response to TRH is often suppressed in
ese individuals, Antithyroid antibodies are negative, The
hanism for development of hyperthyroidism is not known, but the
‘and appears to be functioning autonomously, Therapy is similar to
5? of any other hyperthyroid patient, namely antithyroid drugs,
: or surgery,

GH excess has been increasingly recognized in this syndrome.
lve well documented cases of GH excess have been reported in the
lish medical literature, Pituitary tumors were demonstrated in

2 cases (Scurry et al, 19643 Lightner et al, 1976; Joishy and
row, 1976; Chung et al, 19833 Hall et al, 1984; Harris R., 1985),
functional GH excess in the other six (Tanaka and Suwa, 1977;

*r et al, 1979; Lipson and Hsu, 1981; Albin and Wu, 1981;
1984),

Kovacs et
The latter cases retained some hypothalamic control of GH

retion as evidenced by the relative GH suppression with an oral
ucose load. The reported pituitary tumors where pathologic
cimens are available showed a cromophcbe adenoma in one (Joishy

d Morrow, 1976) and an eosinophilic adenoma in the other (Lightner
al, 1976).

Because of the facial and orbital distortion with narrowing of
‘e optic canal caused by fibrous dysplasia, great care must be
lied not to confuse symptoms of progressive facial assymmetry and
creased visual acuity in a patient with McCune-Albright syndrome
h acromegaly. Careful measurement of the GH levels, proper
ppression tests and radiographic studies must be done to make or
ude this diagnosis,

Therapy for acromegaly in McCune~Albright syndrome is similar to

in any other child with the disease. Transphenoidal removal of
tumors when feasible, bromocriptine and radiation have all been
‘¢d. The recent development of a somatostatin analogue now offers
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an exciting new alternative to the <therapy of this conditioy
(Lamberts et al, 1985).

A relatively rare condition in McCune-Albright syndrome 
hyperprolactinemia has been reported in three patients (Carr et alﬂ
19793 Chung et al, 19833 Kovacs et al, 1984)., All also had Gé
excess, one due to a pituitary tumor (Chung et al, 1983), and one dye
to mammosomatotroph hyperplasia (Kovacs et al, 1984), The thirg
patient did not have surgery, so there is no pathology available,.
The fact that puberty and menses continued in these patients despite
the high prolactins is further evidence that the sexual precocity ig
probably independent of gonadotropins. Therapy is aimed at the
removal of detected tumors or suppression of prolactin secretion with

bromocriptine.

Cortisol excess can present in subtle ways in childhood, manj :
times without the classgical physical features of moon facies, strige
and obesity. Poor growth is often the first clue towards diagnosis
of cortisol excess, as it was in the patient reported here, The
dramatic improvemeunt in the growth velocity after adrenalectomy in
our patient demonstrates the potent inhibitory effect on linear
growth of even modestly increased 1evels of glucocorticoids, In}
addition to our patient, three additional cases of Cushing syndrome
have been associated with McCune-Albright syndrome. Two patients hag
nodular adrenal hyperplasia (Aaskog and Tvetaraas, 1968; Danon et al;
1975) and one had an adrenocortical adenoma in one gland and nodular
nyperplasia in the other (Benjamin and McRoberts, 1973). Lack of;
suppression of corticosteroids with dexamethasone and the suppresse¢
ACTH levels indicate an autonomous functional derangement of the
adrenal glands. Therapy in young children, in our view, should be
bilateral adrenalectomy with subsequent cortisol and: -

mineralocorticoid replacement.

Hyperphosphaturic hypophosphatemic rickets has been reported .to.
occur in patients with the McCune-Albright syndrome (Halversen anQ;
Aas, 1961; Ryan et al, 1968; Tanaka and Suwa, 1977; McArthur et aly
1979), and also in patients with only fibrous dysplasia of bone (Dent:
and Gertuer, 1976),. Low serum phosphorus levels in the presence of
normal serum calcium and increased alkaline phosphatase should prompt
further studies to make or exclude this diagnosis, The etioclogy of
this condition in association with the bone lesions is unknown,.
Tanaka and Suwa {(1977) postulated an unusual sensitivity of the
kidney to the circulating levels of PTH, whereas McArthur et .al
(1979) suggested the presence of a circulating phosphaturic substance
in these individuals, Standard therapy with oral phosphat
supplements and vitamin D are necessary to heal the rickets an

improve growth.

Low serum phosphorus and elevated alkaline phosphatase L1
McCune-Albright's could  also represent hyperparathyroidism. High’
serum calcium and PTH jevels would support the diagnosis ©
hyperparathyroidism, an important diagnosis to exclude from the
rickets just described. Though originally thought to be the cause. |
the bone lesions in patients with McCune-Albright's, document
primary byperparathyroidism has not been reported as part of the:
syndrome, Benedict P (1962) reported patients with McCune=-Albright's
and chief cell hyperplasia of the. parathyroid, the significance
which is unknown, Firat and Stutzman (1968) and Ehrig et al (197
on the other hand reported patients with localized fibrous dyspla81
of bone that developed parathyroid adenomas. Surgical resection 1
jndicated in such cases, but removal of the adenoma does net improVv

the progression of the bone disease.
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The advancement of the skeletal maturation seen in these childp
gually can be attributed t6 either the sexual precocity
yperthyroidism in McCune-Albright syndrome, Even so, there 7ére
eported cases of advanced bone age, particularly in boys, without:
ither of the above mentioned conditions (Benedict P, 1962)., Tpig
inding remains unexplained but is perhaps associated to the primary'
one disease, Growth data in children with McCune-Albright's has 
een infrequently reported and even though individuals with sexual
recocity may end up shorter than otherwise expected from their
enetic background, the presence of GH excess may have opposite
ffects. In cases of extensive bone disease it appears that there
ay be simple failure to grow because of the bone. lesions.

Lichtenstein (1933) first coined the term polyostotic fibrous
ysplasia to describe the radiographic and histologic appearance of
is disease, This is a slowly progressive condition that presents
stly with pathologic fractures in childhood due to minimal trauma,
t may remain silent for many years and be identified unexpectedly

X-rays taken for other reasons. Normal bone, . undergoing
ysiological reabsorption, is replaced by an abnormal proliferation

g " an  isoamorphous fibrous tissue of spindle cells and bony
' abeculae which are poorly formed (Nager et al, 1982).
idiographically in infancy there are "cyst like"™ lesions in the

rtex and ground glass changes in the expanded cortex (Warrick CK,
73). Expansion of the foci of dysplasia leads to absorption of the
rtex, specifically within the first decade,. Slowly progressive
formities in the 1lower extremities, tend to occur after weight
aring years. The course of the bone disease can be quite variable,
ny patients living functional lives with localized foci of disease,
ile others end up in wheelchairs,

Any bone can be involved with the disease, particularly the
hbemurs, tibias, carpals, and tarsals. Even though Albright
iginally suggested lack of epiphyseal involvement (Albright et al,
37), we know the epiphyses are not spared, Leg assymmetry and
ilateral bone disease are common. The bone lesions can precede or
:0llow other manifestations of the disease by years. The majority of
ndividuals with fibrous dysplasia of bone do not have other features
the McCune-Albright syndrome. Indeed, 70% of patients with
brous dysplasia have monostotic disease, 30% polyostotic, and of
e latter, less than 3% have the characteristic manifestations of
Cune-Albright syndrome (Nager et al, 1982),

A particularly problematic complication of this bone disorder is
hen orbital dysplasia or hyperostosis at the base of the skull

uses narrowing of the optic canal, ophthalmic nerve damage, and
visual loss (Moore et al, 1985), There are reports of associated
alignancies, particularly osteogenic sarcoma in bones associated

ith fibrous dysplasia (Johnson et al, 1979; Nager et al, 1982; Hall
t al, 1984; Sevel et al, 1984), but interestingly, no cases of
8sociated malignancies have Dbeen reported in McCune=Albright
yndrome to date. Unfortunately there is currently no effective
reatment for the basic bone disease, but it sometimes stops its
rogression spontaneously after the second decade (Nager et al,
Fibrous dysplasia of the orbit is progressive in childhood
nd is best managed by radical surgery when narrowing of the optic
anal impairs vision (Moore et al, 1985),

The  Thyperpigmented macules in McCune-Albright syndrome are
imilar to the "cafe au lait" spots of neurofibromatosis. The "split
kKin" preparations can be helpful in distinguishing the macules in

cCune-Albright and neurofibromatosis. 1In the latter there are giant
igment granules in.either the malphigian cells, melanocytes or both;
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whereas in McCune-Albright's those granules are not consistent)
present (Benedict et al, 1968). FEven though Albright et al (1937)
stated that the "cafe au lait"™ spots in this syndrome resemble tp,
coast of Maine with its irregular borders, and those of
neurofibromatosis the coast of Califormnia with its regular border
most would agree that such geographic distinctions can be ambiguoua’
The distribution of the lesioms in McCune-Albright's tends to be‘oé
either side of the midline, many times on the same side of the
affected bones. The lesions are few in number with irregular borderg
ranging in color from light brown ("cafe au lait") to dark broyy
(Benedict et al, 1968). These macules are commonly found but are net
invariably present in this condition (Grant and Martinez, 1983,
Benedict P, 1962; Reith et al, 1984), Hyperpigmented macules may
also develop following other manifestations of this syndrome,

We now know that all the .organs involved in the complex forms qf
endocrinopathies present heres pituitary, thyroid, gonads,
parathyroid, adrenals, and kidney are indeed activated by a c-pMp
mediated mechanism, An abnormality in either the hormone-receptor
complex, the guanine nucleotide regulatery wunit, the adenylate
cyclase activator system or even the protein kinases generated, by
working out of cellular control, could perhaps unify the mechanigmg
of apparent autonomy of many endocrine organs. A logical explanation
would be the occurrence of autonomously functioning cells in respect
to c~AMP production., These cells could be diffuse or localized jn
any gland, This would explain the hyperplasia which is found in some
hyperfunctioning glands and the nodularity found in other instances,
Unfortunately, this hypothesis does not explain the bone or skin
lesions in the light of current knowledge. However, refinements ip
the area of molecular bioclogy will soon allow us to explore varioys
possibilities,

Summary The McCune-Albright syndrome represents a heterogeneouys
group of patients whose common denominator is the presence of POFD
with either cutaneous pigmentation and/or any of a number of
endocrinopathies, The proposed theory of a primary hypothalamic

dysfunction causing stimulation of many endocrine organs (Albright et

al, 19373 Hall and Warrick, 1972) is today less compelling in view of
the well documented autonomy of the involved endocrine glands,
DiGeorge (1975) observed the similarity of this condition with the
syndromes of multiple adenomatosis where end organs undergo
neoplastic transformation. We propose a basic abnormality in the
cAMP regulation of the endocrine glands that, if confirmed in
molecular biology studies, could provide a basic pathophysiologic
mechanism causing the multiple dysfunctioning endocrine glands in the
McCune-Albright syndrome.
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